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Abstract 
The authors investigated aquatic fungi on the carapaces ofdead zoo- 
plankton organisms belonging to Cladocera, Copepoda nd Rotato- 
ria in the water of two trophically different lakes - the eutrophic 
Lake Leszczewek and the mesotrophic Lake Wigry. 49 species of 
aquatic fungi were found - 21 species in Lake Leszczewek and 33 
species in Lake Wigry. The smallest number of fungi (23 species) 
grew on the carapaces of Copepoda, the largest on the Cladocera 
(29). Moreover, seven zoosporic fungus pecies were found new to 
Polish hydromycology. 
The results obtained for plankton Crustacea were compared with 
data for crayfish. 
Introduction 
Zooplankton, growing in abundance in the non-ice period, 
constitutes a huge mass of organic matter. Dead remains, 
particularly chitin carapaces, fall down like rain and reach 
the bottom to form the organic layer - the final part of their 
decay (WILLOUGHBY 1961). The carapaces, both of crus- 
taceans and rotifers are made mainly of chitin. Thus they are 
difficult to mineralize and can be used to date ecological 
changes in lakes in the post-glacial period (CzEcZUGA et al. 
1970; CZECZUGA & KOSSACKA 1977; CZECZUGA 1979). 
In hydromycology, there is a group of fungi known to 
grow on chitin-containing substrates. These species are ob- 
served mainly on insect exuviae (SPARROW 1937; DICK 1970) 
and on crayfish carapaces (UNESTAM 1966; TRACY & VAL- 
LENTYNE 1969; TOVGBOL & SKURDAL 1993; CZECZUGA et al. 
1998a). Studying aquatic chitinophilic fungi (CzECZUGA & 
GODLEWSKA 1994, 1998; CZECZUGA et al. 1998a) this time 
we wanted to determine which of the known chitinophilic 
fungi take part in the mineralization f carapaces of the zoo- 
plankton groups Cladocera, Copepoda and Rotatoria in 
water basins. Therefore, two different lakes were chosen for 
the study - the mesotrophic Lake Wigry and the eutrophic 
Lake Leszczewek, which also differed in zooplankton 
species composition. 
Material and Methods 
The study was conducted in the year 1997 in spring, summer and 
autumn (May, August and October) on two morphometrically and 
trophically different lakes of the Wigierski National Park which 
is situated in northeastern Poland, close to the Lithuanian border 
(54 ° 02' N, 23 ° 05' E). Lake Leszczewek isa typical eutrophic lake, 
and Lake Wigry is a mesotrophic lake. 19 hydrochemical parameters 
of these lakes (Table 1) were determined according to the methods 
of GOLTERMAN 8z, CLYMO (1969). The pigments of the phytoplankton 
were determined by the methods described by JEFFREY & HUMPHREY 
(1975). 
The following procedure was employed to establish zoosporic 
fungus pecies growing on the carapaces ofdead zooplankton. Zoo- 
plankton collected using a plankton et was centrifuged and placed 
on filter paper for a few days to dry. Then one-litre vessels were 
filled with lake water, which had been filtered through the gauze 
with 50 gm meshes, and similar amounts of dead zooplankton were 
added. 42 samples were prepared for each lake (14 for each season), 
i.e. 84 samples altogether. 
The vessels were placed in the laboratory at a temperature ap- 
proaching the ambient outside one. Then a portion of the zooplank- 
ton from each vessel was observed under a microscope and myceli- 
um (zoosporic, antheridia and oogonia forms) of aquatic fungi grow- 
ing on the zooplankton was recorded. The methods were described 
in detail by FULLER & JAWORSKI (1986). The zooplankton ofthe par- 
ticular group was examined once or twice a week. The experiments 
lasted one month. For determinations of the fungi the following keys 
were used: JOHNSON (1956), SEYMOUR (1970), KAgLING (1977) and 
DICK (1990). 
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Table 1. Characteristics of the lakes. [Mean data of 3 samples always collected from the middle part of the lake, at the depth of 1.5-2.0 m 
under the surface, at a distance of 50 m (Lake Leszczewek) - 100 m (Lake Wigry, S1upiafiska Bay) from the lake coastline]. Measurements 
were done in May, August and October 1997. 
Specification Lake Leszczewek (area - 18.5 ha, max. depth - 6.5 m) Lake Wigry (area - 2118 ha, max. depth - 73 m) 
Spring Summer Autumn Spring Summer Autumn 
Transparency (m) 1.90 1.05 0.75 2.35 2.35 3.90 
Temperature (°C) 20.0 23.2 12.5 17.8 21.5 15.5 
pH 8.7 8.5 8.8 9.1 8.3 8.5 
Oxydability (02 mg 1 -L) 12.28 12.99 15.22 4.06 3.97 4.37 
02 (mg 1 -L) 10.2 7.2 9.6 11.6 12.6 10.4 
CO2 (rag 1 -L) 3.8 4.4 6.7 0.2 0.4 4.4 
Alkalinity in CaCO3 (mval 1 ~) 4.3 4.2 4.1 2.9 2.7 3.1 
N-NH 3 (rag 1 -L) 0.518 0.690 0.574 0.175 0.182 0.214 
N-NO2 (mg 1-1) 0.005 0.006 0.005 0.003 0.004 0.003 
N-NO3 (rag k 1) 0.092 0.035 0.025 0.052 0.025 0.001 
P-PO 4 (rag 1 1) 0.112 0.175 0.108 0.083 0.022 0.054 
C1 (mg 1-1) 59.0 49.5 27.8 25.0 39.0 14.0 
Total hardness in Ca (mg 1-1) 66:24 56.16 61.92 41.76 69.84 43.2 
Total hardness in Mg (rag 1 ~) 14.19 15.05 16.79 13.67 13.31 18.49 
SO4 (mg 1 -~) 24.27 17.72 15.22 28.39 25.09 37.72 
Fe (mg 1 -L) 0.45 0.25 0.32 0.25 0.12 0.14 
Dry residue (mg k I) 308.0 285.0 278.0 208.0 194.0 201.0 
Dissolved solids (mg 1 1) 305.0 281.0 235.0 172.0 191.0 190.0 
Suspended solids (rag 1-1) 3.0 4.0 43 36.0 3.0 11.0 
Chlorophyll a (gg m -1) 15.18(10.30)* 89.0(27.10) 240.2(51.0) 5.18(3.28) 28.30(26.10) 43.0(28.2) 
Chlorophyll b (gg m -1) 7.33(3.51) 40.0(39.51) 160.0(38.0) 2.01(1.51) 19.82(13.60) 21.0(15.0) 
Carotenoids (pg m -1) 5.86(3.63) 39.6(35.50) 130.0(17.0) 2.53(1.59) 2.16(2.15) 30.0(19.0) 
* In cells < 50 lain. 
Results 
49 species of aquatic fungi belonging to the 5 orders Chytrid- 
iomycetes, Hyphochytriomycetes, Plasmodiophoromycetes, 
Oomycetes and Zygnomycetes were observed on the cara- 
paces of plankton crustaceans and certain rotifers or their 
fragments. The orders of Chytridiomycetes and Oomycetes 
were the most abundant. The largest number of zoosporic 
fungus species developed on carapace fragments of Clado- 
cera species (29), the fewest on the remains of Copepoda 
(23). Most of the fungus species found have been encoun- 
tered in the waters of northeastern Poland during our many 
Table 2. Zoosporic fungi growing on the carapaces of dead zooplankton organisms. (Abbreviations: s - spring; sm - summer; a - autumn). 
Fungi (Classes, Orders and Species) Lake Zooplankton group 
Leszczewek Wigry Cladocera Copepoda Rotatoria 
Chytridiomycetes 
Olpidiales 
Olpidium granulatum KARLING 
Olpidium macrosporum (NOWAKOWSKI) SCHROETER 
Chytridiales 
Asterophlyctis rregularis KARLING 
Chytriomyces annulatus DOGMA 
Chytriomyces appendiculatus KARLING 
Chytriomyces aureus KARLING 
Chytriomyces hyalinus KARLING 
Karlingia chitinophila KAaLING 
Phlyctochytrium aureliae AJELLO 
Rhizidium chitinophilum SPARROW 
x s,sm,a 
x sm,a 
X S 
X a 
X sm 
x x sm,a  s , sm,a  
x s 
X s , sm a 
x sm 
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Table 2. (Continued). 
Fungi (Classes, Orders and Species) Lake 
Leszczewek Wigry 
Zooplankton group 
Cladocera Copepoda Rotatoria 
Rhizidium nowakowskii KARLING 
Rhizophlyctis petersenii SPARROW 
Rhizophydium globosum (BRAUN) RABENHORST 
Blastocladiales 
Allomyces arbuscula BUTLER x 
BlastocIadiopsis parva (WHIFFEN) SPARROW 
Catenaria nguilIulae SOROKIN 
Hyphochytriomycetes 
Hyphochytriales 
Rhizidiomyces bivellatus NABEL 
Plasmodiophoromycetes 
Plasmodiophorales 
Woronina polycystis CORNU X 
Oomycetes 
Lagenidiales 
Lagenidium giganteum COUCH x 
Lagenidium podbielkowskii BATKO 
Myzocytium icrosporum (KARLIN6) SPARROW X 
Myzocytium zoophthorum SPARROW x 
Saprolegniales 
Achlya klebsiana PIETERS 
Achlya orion COKER et COUCH 
Aphanomyces astaci SCHIKORA 
Aphanomyces bosminae SCOTT x 
Aphanomyces daphniae PROWSE x 
Aphanomyces laevis DE BARY 
Aphanomyces ovidestruens GICKLHORN 
Aphanomyces stellatus DE BARY X 
Aplanes androgynus (ARCHER) HUMPHREY 
Caliptralegnia basraensis MUHSIN 
Cladolegnia unispora (COKER et COUCH) JOHANNES 
Isoachlya torulosa (DE BARY) CEJP 
Saprolegnia anisospora DE BARY X 
Saprolegniaferax (GRUITH.) THtJRET X 
Saprolegnia litoralis COKER x 
Saprolegnia monoica PRINGSHEIM x 
Saprolegnia parasitica CO~R 
Saprolegnia torulosa DE BARY X 
Saprolegnia uliginosa JOHANNES x 
Leptomitales 
Apodachlya pyrifera ZOPF 
Peronosporales 
Pythium aquatile HO~INK 
Pythium aristosporum VANTERPOOL X 
Pythium debaryanum HESSE 
Pythiumjirovecii CEJP x 
Pythium pythioides (ROzE et CORNU) RAMSBOTTOM 
Zygomycetes 
Entomophthorales 
Ancylistes cladocerarum FRITSCtt X 
Zoophthora conics (NOWAKOWSKI) BATKO X 
Zoophthora hizospora (THAXTER) BATKO X 
sm 
a 
s,a 
a a 
sm 
sm 
x s , sm,a  s ,a s , sm,a  
x s 
x a s , sm s ,sm,a  
x sm,a  s ,a s , sn l ,a  
X a s ,a 
x S 
sm,a  
sm,a  a 
sm,a  
x a s 
x a SITI,a 
sm 
a a 
sm,a  s 
s,a s ,a 
s 
sm 
s 
sm 
x 
x s 
x a 
x 
x s , sm 
x a 
s 
x a s 
x a a 
sm 
x a sm 
sm sm 
x sm 
x s , sm,a  a s , sm 
s s 
s s 
Total number 21 33 29 23 26 
(s= 11; (s = 11; (s= 12; 
sm= 14; sm= 4; sm = 14; 
a = 16) a = 13) a = 15) 
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years' studies (CzEcZUGA & PR()BA 1987; CZECZUGA 
1991a,b), while such species as Olpidium macrosporum, 
Chytriomyces appendiculatus, Rhizidium nowakowskii, La- 
genidium giganteum, Myzocytium zoophthorum, Saproleg- 
nia uliginosa nd Ancylistes cladocerarum are new to Polish 
hydromycology. 21 fungus species were detected in Lake 
Leszczewek and 33 in Lake Wigry on zooplankton cara- 
paces. Some fungi were common to the water of both lakes: 
Chytriomyces aureus, Lagenidium giganteum, Myzocytium 
microsporum, Myzocytium zoophthorum, Saprolegnia aniso- 
spora, Saprolegnia ferax and Ancylistes cladocerarum. The 
following species were observed on the carapaces ofall three 
zooplankton groups: Lagenidium giganteum, Myzocytium 
microsporum, Myzocytium zoophthorum, Saprolegnia aniso- 
spora, Saprolegnia ferax and Ancylistes cladocerarum 
(Table 2). 
Discussion 
Many zoosporic aquatic fungi and a few species of bacteria 
(BENECKE 1905; JEUNIAUX 1957; PALUCH 1973) take part in 
the mineralization of chitin-containing substrates in water 
reservoirs. Due to the presence of the enzyme-chitinase, they 
transform this polysaccharide which is hardly available to 
other organisms into simplier elements, ready to be mineral- 
ized by subsequent decomposers (REtSERT & FULLER 1962). 
Chitinophils use these properties to prevent excessive accu- 
mulation of deposits made by "rain of the corpses" of zoo- 
plankton falling to the bottom as well as water insect exuvia 
and crayfish shells (SPARROW 1937; DICK 1970; CZECZUGA et 
al. 1998a). In this context, chitinophilic fungi play an impor- 
tant part in aquatic ecosystems (REISERT & FULLER 1962). 
According to LAWACZ (1969), the highest intensification 
of the fall of zooplankton fragments usually takes place dur- 
ing or after its maximum abundance. In eutrophic lakes of 
northeastern Poland this occurs in spring and late autumn. 
The average fall of zooplankton during its maximum abun- 
dance, described as the "rain of corpses," is more than 10g of 
dry mass/m 2,while in the period of summer the minimum 
fall is noted with only a few grams of dry mass/m 2.
Zoosporic fungi take a great part in the mineralization ofthis 
organic material. In the present study, at least those species 
which are frequently encountered in various seasons con- 
tribute to mineralization. 
Worthy of special noting are the species which have been 
hitherto encountered as saprophytes and parasites of crus- 
taceans. Isoachlya torulosa, Saprolegnia litoraIis and Apo- 
dachlya pyrifera have been classified as plant saprophytes. 
The parasitic species, according to literature data (BATKO 
1975), include the following species: two species of the 
genus Olpidium - known as parasites of eggs of rotifers, 
Woronina polycystis - a parasite of other fungi, Myzocytium 
zoophthorum - a parasite of rotifers (SPARROW 1960), An- 
cylistes cladocerarum, Aphanomyces bosrninae, Aphano- 
myces daphniae - parasites of Cladocera (FRITSCH 1895; 
PROWSE 1954; SCOTT 1961) and Aphanomyces ovidestruens 
- a parasite of Copepoda (GICKLHORN 1923). It seems inter- 
esting that Lagenidium podbielkowskii was found to grow on 
the fragments of Rotatoria. This fungus was first described 
by BATKO (1973) as a parasite of the desmid algae. 
The species which appear new to Polish hydromycology, 
have been known as animal saprophytes or parasites. Olpi- 
dium macrosporum is known in the literature as a parasite of 
eggs of rotifers (BATKO 1975). It was first described in the 
previous century by NOWAKOWSKI (1876). Chytriomyces ap- 
pendiculatus was isolated by KAm~ING (1947) from a chitin- 
containing substrate and Rhizidium nowakowskii from the 
exuviae of water insects (KARUNG 1944). Lagenidium gi- 
ganteum, first reported as a saprophytic fungus by Couch 
(1935), is also known in the literature as a parasite of Clado- 
cera and Copepoda nd of mosquito larvae (BATKO 1975). 
Myzocytium zoophthorum is a parasite of rotifers and their 
eggs (SPARROW 1960). Saprolegnia uliginosa was first re- 
ported as a saprophytic fungus in bogs near Hannover by JO- 
HANNES (1950). Then SHmUYA (1959) observed a growth of 
this fungus in the Sanshiro Pond at the University of Tokyo. 
AncyIistes cladocerarum was first described by FRITSCH 
(1895) as a parasite of the Cladocera; BERDAN (1938) studied 
its taxonomy. It has been seldom encountered (SPARROW 
1960). 
Our previous observation revealing that CaIiptralegnia 
basraensis, described by MUHSIN (1994) as a plant sapro- 
phyte, is also an animal saprophyte growing on chitin-con- 
taining substrates (CzEcZUGA et al. 1998a) has been con- 
firmed. This species also invades fish eggs (CzECZUGA & 
MUSZYI~SKA 1998). 
The present study has revealed that apart from animal 
saprophytes, also those regarded as parasites contribute to 
the mineralization of chitin carapace fragments of zooplank- 
ton. They include two species of the genus Olpidium, Woron- 
ina polycystis, Myzocytium zoophthorum, Lagenidium pod- 
bielkowskii, Aphanomyces bosminae, Aphanomyces daphni- 
ae, Aphanomyces ovidestruens, Ancylistes cladocerarum 
and Zoophthora rhizospora. Thus, larger numbers of 
zoosporic fungus species than it was previously thought are 
involved in the chitin mineralization process. 
In the present study, more zoosporic fungus species were 
found to grow on the carapaces of zooplankton organisms in 
the mesotrophic Lake Wigry than in the eutrophic Lake 
Leszczewek. Thus, the contribution of zoosporic fungi to the 
mineralization of zooplankton chitin carapaces in Lake 
Wigry is greater than in Lake Leszczewek. We observed a
similar phenomenon while studying zoosporic fungi grow- 
ing on the eggs of crucian carp Carassius carassius in water 
with a different content of biogenes (CzECZUGA ~% KIZIEWICZ 
1999). That might be explained by the fact, well known in 
hydrobiology, that oligotrophic reservoirs exhibit a great 
plankton species variety, with small density of individuals of 
each specis. In eutrophic waters, however, the number of 
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species is small, while their biomass is great. The character 
of the water reservoir itself promotes mycoflora species di- 
versity. 
In various seasons of the year, a similar pattern was ob- 
served with regard to the number of fungi on Cladocera nd 
Rotatoria. Almost the same number of fungi developed in 
particular seasons of the year, with a slight increase noted in 
autumn. Earlier studies done by us in waters of northeastern 
Poland showed also that the autumn period is frequently 
characterized by an abundance of aquatic saprophytic fungi 
(CzECZUGA & PROBA 1987; CZECZUGA 1991b). However, in 
the present study only 4 fungus species were found on Cope- 
poda carapaces in summer. Also the total number of fungus 
species was the smallest on Copepoda carapaces. 
Our earlier studies on dead crayfish (Order Decapoda) re- 
vealed the development of 68 zoosporic fungus species 
(CzEcZUGA et al. 1998a). But only 21 of these 68 fungus 
species, detected in 4 representatives of dead crayfish, were 
found in the present study on dead zooplankton organisms 
(see Table 3). This would suggest that the majority of fungi 
which grow both on zooplankton and on crayfish are differ- 
ent species, specific to each of the two substrate groups. 
Fungi common both to crayfish and zooplankton include 7 
species known as fish parasites and necrotrophes and the 
fungus Aphanomyces a taci, causing the so-called "crayfish 
plague" in the past (SCHIKORA 1903) and at present (RAHE & 
SOYLU 1989; TOUGBOL & SKERDAL 1993). Aphanomyces 
astaci was found only on the carapaces of Cladocera, which 
thus extend the vector group of this fungus for representa- 
tives of Decapoda. 
Two species, Saprolegnia ferax and Saprolegnia parasiti- 
ca, are worthy of noting as the main perpetrators of losses in 
Table 3. Zoosporic fungi found on crayfish and different zooplankton groups. 
Fungi (Classes, Orders, Species) Crayfish Zooplankton group 
Astacus 
astacus L. 
Astacus 
leptodac- 
tylus ESCH. 
Orconectes 
limosus 
RAF. 
Pacifasta- Clado- Cope- Rota- 
cus cera poda toria 
leniusculus 
DANA 
Chytridiomycetes 
Chytridiales 
Chytriomyces annulatus DOGMA 
Chytriomyces aureus KARLING x 
Chytriomyces hyalinus KARLING x 
Karlingia chitinophila KARLING X 
Phlyctochytrium aureliae AJELLO x 
Rhizidium chitinophilum SPARROW 
Blastocladiales 
Allomyces arbuscula BUTLER 
Blastocladiopsis parva (WHIFFEN) SPARROW 
Hyphochytriomycetes 
Hyphochytriales 
Rhizidiomyces bivellatus NABEL 
Oomycetes 
Saprolegniales 
*Achlya klebsiana PIETERS 
*AchIya orion COKER et COUCH x 
Aphanomyces a taci SCHIKORA X 
*Aphanomyces laevis DE BARY X 
*Aphanomyces stellatus DE BARY X 
Aplanes androgynus (ARCHER) HUMPHREY 
Caliptralegnia basraensis MUHSIN x 
Cladolegnia unispora (COKER et COUCH ) JOHANNES 
*Saprolegniaferax (GRUITH.) THURET X 
*Saprolegnia monoica PRINGSHEIM X 
*Saprolegnia parasitica CORER x 
Peronosporales 
X 
X X 
X 
X X 
X X X 
X X X 
X X 
X X X 
X X X 
X 
X X 
X X X 
X 
X X 
X 
X X 
X X X X 
X 
X 
Pythium debaryanum HESSE x x x 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total number 12 13 11 10 13 10 7 
* Known in literature as parasites or necrotrophs offish. 
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fish industry (NEISH & HUGHES 1980). Saprolegniaferax has 
been known since the previous century for great losses it 
made in fish industry. Well known is the Atlantic salmon epi- 
zooty due to Saprolegniaferax in British rivers in the years 
1877-1881 (STIRLING 1880; NEISH & HUGHES 1980). The rel- 
evant literature of later years has also reported on losses 
caused by Saprolegnia ferax (FRICK & REINHOLD 1987; 
DUDKA et al. 1989). Saprolegnia parasitica has been the 
cause of serious disasters on fish farms, like the death of 
50% of fry of the Pacific salmon Oncorhynchus kisutch in 
Miyagi Prefecture in Japan (HATAI & HOSHIA~ 1992). More- 
over, these two species of aquatic fungi are known to be the 
cause of mycotic infections in 40% of the adult population of 
perch in certain Swiss lakes (MENG 1980). It seems interest- 
ing that Saprolegnia ferax was found to grow both on the 
fragments of Cladocera, Copepoda nd Rotatoria. This is the 
most common fungus found on various substrates in the wa- 
ters of northeastern Poland. It leads a saprophytic and para- 
sitic mode of life, attacking the eggs of lampreys (CzECZUGA 
1997), fish (CzECZUGA & MUSZYi~SKA 1998) and amphibians 
(CzECZUGA et al. 1998b). 
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